In this research, the immobilization of α-amylase from Bacillus subtilis ITBCCB148 by crosslinking method on chitosan matrix has been performed. This research aims to know the effect of immobilization on the thermal stability of α-amylase. The results showed that the native α-amylase has an optimum temperature of 65 o C, KM = 1.6 mg mL -1 substrate, and Vmax = 39.7 µmol mL -1 min -1 . The immobilized α-amylase has optimum temperature of 75 o C, KM = 3.5 mg mL -1 substrate, and Vmax = 7.05 µmol mL -1 min -1 . The residual activity of the native and immobilized enzyme on thermal stability test at 65 o C for 80 minutes was 58% and 86.15%, respectively. The immobilized enzyme can be reused up to six repeated cycles.The thermodynamic data of native enzyme was t½ = 113.6 min, ki = 6.1x10 -3 min -1 , and ΔGi = 107.3 kJ mol -1 , while the immobilized enzyme was t½ = 433.1 min, ki= 1.6x10 -3 min -1 , and ΔGi 111.1 kJ mol -1 . Based on the decrease of ki, and the increase of ΔGi and half-life(t½) values, the immobilization of α-amylase with chitosan can increase the thermal stability of this enzyme.
Introdcution
Amylase is an enzyme that can catalyze the degradation of amylum, glycogen and oligosaccharide randomly. This enzyme divided into 4 groups 1 namely (i) exo amylase that break down the -1,4 glycosidic bond outside the molecule (-amylase is an example of this type); (ii) glucoamylase catalyzes the break down of -1,4 and -1,6 glycosidic bonds outside of the molecule; (iii) debranching enzyme that specifically catalyzes the breakdown of -1,6 glycosidic bond in amylum or amylopectin. (pululanase and isoamylase belong to this group); (iv) endo amylase that catalyzes the break down of amylum in the middle or inside of the molecule 2 , an example of this group is -amylase.
Microorganisms are the major sources of α-amylase, mainly bacteria and fungi that lead to many industrial uses, and it has been widely studied due to relatively large application scale 3 . Bacterial α-amylase having new characteristics have been the main focus on the current research 4 . B. subtilis is gram-positive rod-shaped bacteria, is able to form endospore, to stand in the hazard ecological environment from radiation, solvent, temperature and extreme pH 5 . Amylase degrading amylum is an important enzyme used in industrial process and donates high proportion on enzyme market 6 .
In food industries, amylum hydrolysis to produce the reduced sugar generally occur on batch reaction, where economically cause detrimental as the enzyme can only be used once. In order for the enzyme can be used repeatedly, enzyme immobilization has been applied in some industries. Nowadays, α-amylase has been immobilized covalently on different matrices like microsphere poly-(hydroxyethylmethacrylate), poly(methylmethacrylate-acrylic acid) and zirconium membrane, α-amylase has been used as general buffers such as nitrocellulose membrane and chitosan matrix physically and ion exchange adsoprtion 7 .
Immobilization process on -amylase from B.subtilis ITBCCB148 has successfully increased the enzyme stability at high temperature using diethylaminoethyl cellulose (DEAE-Cellulose) 8 ; carboxymethyl cellulose (CM-Cellulose) 9 ; and bentonite 10, 11 , calcium alginate 12 although the increase was only 1.5; 3.67 and 2.12, however, the immobilized enzymes could be used between 5-6 times. Immobilization on -amylase has also been performed using amberlite 13 and gelatin 14 where they have successfully increased the stability of this enzyme.
Chitosan is a material that is able to be used for buffer enzyme or whole cell. Chitosan is a deacetylation product of chitin produced from the outer frame of crustacea family having better solubility in acidic solution than chitin.
Chitosan is also a cheap compound, inert, hydrophilic, biocompatible buffer thus it is interesting to be used for a buffer in immobilization of enzyme. The presence of ammine groups facilitates the covalent bond in the enzyme. Immobilization could be done through transparent chitosan film or by chitosan seed entrapment method 15 .
Based on the reported results, in this work, immobilization is chosen to increase the stability of -amylase from B. subtilis ITBCCB148 using the chitosan.
Materials and method

Materials
Microorganism used was bacteria of B. subtilis ITBCCB148 obtained from the Microbiology and Fermentation Technology Laboratory Bandung Institute of Technology. All materials used were chemical substances with pro analysis (pa) grade.
Methods
Isolation, purification and activity test of -amylase and protein content determination
The isolation and purification were conducted based on published methods 16, 17 . The activity test of -amylase was performed with Fuwa method 18 and Mandels 19 method. The protein content was determined by Lowry 20 method.
Immobilization of purified enzyme 2.2.2.1. Determination of optimum glutaraldehyde concentration
To a centrifuge tube, chitosan powder (0.25 g) was placed and stabilized with 0.1 M phosphate buffer, pH 6.5. The matrix was separated from the solution by centrifugation. To the matrix, 0.25 mL of dialyzed enzyme and different concentrations (0.2 to 1.0%) of 0.25 mL glutaraldehyde were added. The mixture was then mixed at 25°C for 30 min and was washed with the above buffer. It was then separated by centrifugation. 0.25 mL filtrate was taken as a control for the Mandels test, and the remaining of the filtrate was discarded. The precipitate of enzyme chitosan mixture was added with the substrate of amylum 0.1 % 0.5 mL and incubated at 60 o C for 30 min and stirred for every 10 min. The mixture was separated by centrifugation. 0.5 mL of filtrate was taken to the reaction tube and was added 1.0 mL 3,5-Dinitrosalicylate (DNS) reagent, and the activity test of the enzyme was performed using Mandel's method. The glutaraldehyde concentration giving the highest enzyme activity was set as optimum glutaraldehyde concentration 21 .
Determination of pH for optimal binding
0.25 g chitosan powder was placed in a centrifuge tube and stabilized with phosphate buffer 0.1 M with pH variation of 5.0; 5.5; 6.0; 6.5; 7.0 and 7.5. The matrix was separated from the solution by centrifugation, then was added with 0.25 mL of dialyzed enzyme and 0.25 mL glutaraldehyde in optimum concentration. The mixture was mixed at room temperature for 30 minutes, washed with phosphate buffer 0.1 M based on each pH variation and separated by centrifugation. The filtrate was pipetted 0.25 mL as test control on Mandels, and the remaining filtrate was removed. The precipitate of chitosan enzyme was added with amylum substrate 0.1% 0.5 mL and incubated at 60 o C for 30 minutes and stirred for every10 minutes. The mixture was then separated by centrifugation. 0.5 mL filtrate was taken and placed into a test tube, 1.0 mL of DNS reagent was added and the enzyme activity was tested using the Mandels method. The buffer pH at which the highest enzyme activity is determined as the optimum pH.
Characterization of native and immobilized α-amylase 2.2.3.1. Determination of optimum temperature of native and immobilized α-amylase
To know the optimum temperature of the native and immobilized enzyme was performed by varying the temperature at 55, 60, 65, 70, 75. 80 and 85°C for 30 minutes. The residual activities (%) of the native and immobilized enzyme were then evaluated and compared using Mandels method 19 .
The thermal stability test of native and immobilized α-amylase
The stability of enzymes was done by measuring the residual activity of the enzyme after being incubated for 0, 10, 20, 30, 40, 50, 60, 70, and 80 minutes at a temperature of 65ºC 22 .
Determination of half-life (t½), inactivation rate constant (ki) and denaturation energy change (ΔGi)
Determination of ki and t½ value is based on the first order of inactivation kinetics equation between residual enzyme activity at to([E] o ) and residual activity at ti([E] i ) 23 :
The ΔGi of the enzymes was performed using the derivative of the thermodynamic equation (Equation 2) 23 : 
Reusability of immobilized enzyme
The immobilized enzyme which has been used (reacted with substrate) washed with a phosphate buffer with optimum pH then centrifugated. The precipitate of immobilized enzyme reacted with a new substrate, then followed by testing and comparing the residual activity (%) of the immobilized enzyme before and after the repeated use using Mandels method 19 .
Results and Discussion
Immobilization of purified enzyme 3.1.1. Determination of optimal glutaraldehyde concentration
The results of optimal glutaraldehyde binding are shown in Fig.1 Maximum activity (1.31 U/mL) was observed at 0.4 % glutaraldehyde. Fig.2 shows that the highest unit activity of immobilized α-amylase on chitosan matrix was at pH 7.0, namely 1.805 U/mL. It was also found that under acidic condition, the matrix was in gel form, thus the affinity binding of the matrix towards the enzyme getting low.
Determination of optimal pH binding
Figure 2.
Unit activity of α-amylase at various binding pH with chitosan matrix Fig.3 shows that the optimum temperature of the native enzyme was 65 o C, while the immobilized enzyme has an optimum temperature higher i.e. at 75 o C. This indicated that the immobilized enzyme can work at a higher temperature than the native enzyme to convert the substrate to the products. The temperature shift was due to the steric hindrance of the chitosan to the enzyme molecule, so the enzyme was guarded against the effect of denaturation because of heat 24 . Fig.4 shows that the native enzyme has (%) residual activity lower than the immobilized enzyme. The residual activity of the native enzyme after incubating for 80 min was 58%, while the immobilized enzyme was 86.15%. This is because the immobilized enzyme protected by the immobile matrix from the effect of extreme temperature, so the immobilized enzyme becomes more stable. It can be said that the immobilized enzyme has higher stability than the native enzyme 22, 24, 25 . 
Characterization of native and immobilized α-amylase 3.2.1. Determination of optimum temperature
The stability test of immobilized enzyme
Determination of half-life (t1/2), inactivation rate constant (ki), and energy change due to denaturation (ΔGi)
The values of t1/2, ki, and ΔGi of the native and immobilized enzyme can be seen in Table 1 . Based on Table 1 , it is known that the t½ of the immobilized enzyme has increased 3.8 times compared to the native enzyme. The time change was 113.61 minutes to 433.13 minutes. The decrease of inactivation rate constant (ki) on the immobilized enzyme is an indication of the decrease of denaturation rate of the enzyme. The decrease of ki value is predicted because the condition of the enzyme is less flexible in water, so the unfolding of the enzyme is decreased and the stability of the enzyme has increased 22, 24 . The increase of ΔGi value of the immobilized enzyme indicating that the structural conformation of the enzyme becomes more folding than the initial condition causing the enzyme structure is more rigid and less flexible in water, so the energy required to denature enzyme is higher (Table 1) 22, 24, 25 . The more rigid of the enzyme structure has a stronger bond; thus the enzyme conformation is not easily opened, and the tertiary structure of the enzyme can be maintaned. Based on the decrease of ki value, the increase of ΔGi and t½ values, it is known that immobilization using chitosan has successfully increased the stability of the enzyme.
Determination of kinetic data of immobilized enzyme
The KM and Vmax values were determined using the graph of Lineweaver-Burk equation (Fig.5 ). Based on Fig.5 , the reaction rate of the enzyme increasing with the increase of substrate concentration. If the substrate concentration is increased, more substrate will interact with the enzyme, so the complex of enzyme-substrate formed will also increase; as a result, the formation of the product will also increase. The values of KM and Vmax of native and immobilized α-amylase can be seen in Table 2 . The increase of KM value on immobilized enzyme indicated that the affinity immobilized enzyme towards the substrate become lower, therefore, the higher substrate concentration needed to reach the maximum rate reaction or the similar rate to the native enzyme. The increase of KM value can be caused by the formation change of the enzyme due to the immobilization procedure as well as the decrease of substrate access to bind with the active site of the immobilized enzyme 21 .
Vmax is a maximum rate limit of an enzyme; an enzyme is saturated because of the substrate and is no longer functional. The decrease of Vmax value on the immobilized enzyme indicated that the maximum rate of the immobilized enzyme has decreased due to the formation change of enzyme after immobilization. The addition of glutaraldehyde in the immobilization can decrease enzyme activity and inhibit the stacking the substrate on enzyme because of the change on enzyme structure and the decrease of substrate access to the site active of immobilized enzyme 15.
The Reusability of immobilized enzyme
The relationship of reusability and residual activity (%) of the immobilized enzyme is shown in Fig.6 . Based on this Fig.6 , the immobilized α-amylase has reusability of 6 times. The decrease of enzyme activity after immobilization can be seen from the residual enzyme activity after the repeated use. The residual enzyme activities from the first to fifth used were 100, 75, 49, 43, 24, and 16%, respectively. After being used for six-time, the activity of immobilized enzyme has decreased with residual activity 16%. The activity decrease of the immobilized enzyme after reuse perhaps caused by the release of enzyme bound to the chitosan matrix when it was washed by phosphate buffer 26 . Figure 6 . The reusability of immobilized α-amylase on chitosan matrix
Conclusions
The optimum temperature of the immobilized enzyme has significantly increased from the native enzyme, i.e. an increase of 10°C. The immobilized enzyme was able to be reused for 6 times, indicated that it is much better than the native enzyme. The immobilization of α-amylase with chitosan has successfully increased the thermal stability of this enzyme as seen from the decrease of ki, and the increase of ΔGi and half-life(t½) values.
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